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Question #: 1 


1D: 38807 You are a pharmacist working at a local community hospital in the acute ambulatory care unit (AACU). 


amet FB is a 45-year-old male who presents to the hospital's emergency room. The emergency department 
physician assesses FB and decides to admit him to the AACU for further testing. The physician 
suspects acute kidney injury (AKI) and orders a urinalysis, the results for which come back as positive 
Send Feedback for hematuria. 


Y Fiag question 


All of the following options may cause hematuria EXCEPT: 


Select one: 
Interstitial nephritis ® 
Kidney tumour X 


Hepatorenal v 


syndrome Rose Wang (ID:113212) this answer is correct. Hepatorenal syndrome causes 


hypoperfusion to the kidney but will not cause hematuria. 


Kidney stones * 


| Correct | 

Marks for this submission: 1.00/1.00. 

TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To identify the signs and symptoms of acute kidney injury (AK). 
BACKGROUND: 


Acute kidney injury (AKI) occurs when there is a rapid decrease in kidney function. AKI can be classified based 
‘on where the damage or impairment is occurring in the kidney: 


* Pre-renal AKI occurs when there is hypoperfusion of the kidney (the most common cause of AKI) 
* Intrinsic AKI occurs when there is damage or impairment within the kidney 


* Post-renal AKI occurs when a severe blockage beyond the kidney (e.g., in the ureter) causes waste 
buildup in the kidney 


Possible causes of AKI 


[ Impairment Location [ Possible causes of AKI 


Hypovolemia 


Increased vascular resistance 


Pre-renal AKI i 
Reduced cardiac function 


Systemic vasodilation 


Bilateral renal artery stenosis 


Infection 
Intrinsic AKI 


Immune system dysfunction (e.g., lupus, IgA glomerulonephritis) 


Nephrotoxic drugs 


Blood clots 


Question #: 2 


ID: 38890 


Corect 


+ Improperly placed catheter 


Post-renal AKI + Kidney stones (nephrolithiasis) 


+ Urogenital cancers 


In addition to reduced or lack of urine output, fluid retention is a very common sign of AKI. Nausea/vomiting 
can also occur as AKI results in a buildup of waste in the blood. 


Hematuria is nota sign of AKI, but many of the causes of AKI are associated with hematuria. Therefore, 
hematuria can be used as a warning that kidney damage is occurring and the person is at risk of AKI if 
hematuria cause is left untreated. 


RATIONALE: 

Correct Answer: 

(Option #3): Hepatorenal syndrome causes hypoperfusion to the kidney but will not cause hematuria. 
Incorrect Answers: 


(Option #1): Interstitial nephritis can cause hematuria as it is inflammation of the kidney lining 
(Option #2): Kidney tumours can cause hematuria. 
(Option #4): Kidney stones can cause hematuria. 


TAKEAWAY/KEY POINTS: 


There are warning signs, such as hematuria, that a patient is at risk of acute kidney injury (AKI) if certain 
conditions are left untreated. 


REFERENCES: 


[1] KDIGO clinical practice guidelines for acute kidney injury. Kidney International Supplements. 2012:2(1). 
doi:10.1038/kisup.2012.1. 


[2] Makris K, Spanou L. Acute Kidney Injury: Definition, Pathophysiology and Clinical Phenotypes. Clin 
Biochem Rev. 2016;37(2):85-98. 


The correct answer is: Hepatorenal syndrome 


All of the following options are appropriate goals of therapy for acute kidney injury (AKI) EXCEPT: 


Select one: 
Cure pre- y z 
existing chronic Rose Wang (ID:113212) this answer is correct. Curing any pre-existing 
S SERE comorbid chronic kidney disease (CKD) is not an appropriate goal of therapy 
(CKD) for acute kidney injury (AKI). Furthermore, there is no cure for CKD. 


Correct and maintain electrolyte, acid-base, and mineral balance X 
Minimize secondary organ damage % 
Manage effects of decreased renal function 


| Correct | 

Marks for this submission: 1.00/1.00. 

TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To identify the goals of therapy for acute kidney injury (AKI). 
BACKGROUND: 

The goals of therapy for acute kidney injury (AKI) include: 


© Preserve and optimize renal function 
* Correct and maintain electrolyte, acid-base, and mineral balance 
* Minimize secondary organ damage from AKI 


* Manage effects of decreased renal function (e.g. hyperkalemia) 


RATIONALE: 
Correct Answer: 


(Option #1): Curing any pre-existing comorbid chronic kidney disease (CKD) is not an appropriate goal of 
therapy for acute kidney injury (AKI). Furthermore, there is no cure for CKD. 


Incorrect Answers: 

(Option #2): Correcting and maintaining electrolyte, acid-base, and mineral balance is an appropriate goal of 
therapy for acute kidney injury (AKI). 

(Option #3): Minimizing secondary organ damage is an appropriate goal of therapy for acute kidney injury 
(AK). 

(Option #4): Managing the effects of decreased renal function (e.g, hyperkalemia) is an appropriate goal of 
therapy for acute kidney injury (AKI). 


Question #: 3 


1D: 38888 


Incorrect 


TAKEAWAY/KEY POINTS: 
The goals of therapy for acute kidney injury (AKI) include preserving and optimizing renal function, 


correcting and maintaining electrolyte, acid-base, and mineral balance, minimizing secondary organ damage 
from AKI, and managing effects of decreased renal function (eg., hyperkalemia). 


REFERENCES: 
[1] Flurie RW. Disorders of Potassium and Magnesium Homeostasis. In: DiPiro JT, Yee GC, Posey L, Haines ST, 
Nolin TD, Ellingrod V. eds. Pharmacotherapy: A Pathophysiologic Approach, 11e. McGraw-Hill. 


[2] Kantorvich, A. Medications That Always Use Actual Body Weight to Calculate Creatinine 
Clearance. PharmacyTimes. Published June 3 2016. 


[B] Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Workgroup. KDIGO clinical 
practice guideline for acute kidney injury. Kidney Int Suppl. 2012;2:1-138. 


[4] Maker J, Roller L, Dager W. Acute Kidney Injury. In: DiPiro JT, Yee GC, Posey L, Haines ST, Nolin TD, 
Ellingrod V. eds. Pharmacotherapy: A Pathophysiologic Approach, 11e. McGraw-Hill. 


The correct answer is: Cure pre-existing chronic kidney disease (CKD) 


You are a pharmacist working at a local community pharmacy and are approached by one of your 
patients. ST is a 66-year-old African-American woman who is looking for advice on “kidney 
protection”. A few weeks ago, her sister was diagnosed with acute kidney injury (AKI) and 
hospitalized for a week. ST would like to know how she can prevent AKI and whether she is at risk for 
it. You take a look at her chart and obtain the following information: 


ST's past medical history is significant for hypertension, hypothyroidism, type 2 diabetes mellitus, 
and myocardial infarction requiring coronary artery bypass graft (CABG) surgery 3 years ago. 


Her current medications include rosuvastatin 40 mg daily, acetylsalicylic acid 81 mg daily, 
levothyroxine 75 meg daily, metformin 500 mg BID, perindopril 8 mg daily, and metoprolol 100 mg 
BID 


All of the following options are known risk factors that ST has for developing acute kidney injury (AKI) 
EXCEPT: 


Select one: 
African- x 
Poen Rose Wang (ID:113212) this answer is incorrect. Being of African-American race is 
ae a known risk factor for developing acute kidney injury (AKI). 


History of cardiac surgery % 
Hypothyroidism ¥ 
Diabetes * 


| incorrect] 

Marks for this submission: 0.00/1.00. 

TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To identify known risk factors for developing acute kidney injury (AKI). 
BACKGROUND: 


The incidence of acute kidney (AKI) in the community setting is very low compared to acute hospital settings. 
This is because hospitalized patients are more likely to develop AKi as patients are more prone to depleted 
plasma volumes (due to blood loss following surgeries, dehydration, and/or urinary catheter implantation) in 
these settings. Development of AKI is associated with increased morbidity; AKI can lead to longer 
hospitalizations, readmission, ventilator days, and need for post-hospitalization care. In the last 2 decades, 
the total number of AKl-related hospitalizations has increased 4-fold from 953,926 in 2000 to 3,959,560 in 
2014. AKI tends to be more common in the critically ill hospitalized patient population (30-60%) compared to 
the non-critically ill hospitalized patients (3-18%). 


Risk factors that increase risk of AKI include CKD, diabetes, cardiac or hepatic disease, albuminuria, major 
surgery (especially cardiac surgery), acute decompensated heart failure, sepsis, hypotension, fluid loss 
(diarrhea, vomiting, or dehydration), medications (angiotensin-converting enzyme [ACE] inhibitors, 
angiotensin receptor blockers [ARBs], lithium, aminoglycosides, etc), advanced age, male gender, and African 
American race. Up to 60% of AKI cases are drug-induced. 


70% of AKI cases are pre-renal AKI, which is due to decreased perfusion to the kidneys. They are typically 
caused by conditions that decrease cardiac output and perfusion (e.g. dehydration, severe blood loss, sepsis, 
severe burns, and cirrhosis), renal arterial disease, and medications (such as ACE inhibitors, diuretics, and 
NSAIDs). ACE inhibitors and ARBs inhibit angiotensin-II activity which normally would constrict the efferent 
arteriole when the perfusion pressure in the kidneys is low. If perfusion is low, filtration remains low and this 
results in poor kidney function. NSAIDs inhibit the production of prostaglandins which normally promotes 
vasodilation of the afferent arteriole when perfusion is low. Diuretics promote diuresis which leads to 
depleted blood volume and decreased perfusion. 


Intrinsic renal failure makes up 20% of the AKI cases. Acute tubular necrosis (ATN) can be caused by ischemia 
(due to hypotension or sepsis), nephrotoxic substances (such as lithium, radiocontrast dye, aminoglycosides, 
cisplatin, carboplatin, cyclosporine, and tacrolimus). Not only is lithium a nephrotoxic medication, but it leads 
to desensitization of antidiuretic hormone (ADH). Desensitization of ADH leads to inability to concentrate 
urine and increased diuresis (this condition is known as diabetes insipidus). Acute interstitial nephritis (AIN) is 


fmiralk sarmad har madiratane enh ac nanirillin and nanctaraidal antinilammainnrdnine INCANA 


Question #: 4 


1D: 38880 
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Send Feedback 
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Glomerulonephritis is caused by glomerular diseases, autoimmune diseases (e.g. systemic lupus 
erythematosus (SLE)), and medications (e.g., lithium and NSAIDs). 


Post renal typically occurs due to obstruction or hypertrophy of renal pelvis, ureters, and/or bladder. 
Obstructions include nephrolithiasis (kidney stones), nephrocalcinosis (calcium deposits along the urinary 
tract), and bladder outlet obstruction (improper urinary catheter placement leading to blockage of urinary 
tract). It can also be caused by malignancies, medications that cause urinary retention (e.g, anticholinergic 
medications), other medication (e.g., methotrexate, penicillin, and sulfamethoxazole trimethoprim (Septra)). 


RATIONALE: 

Correct Answer: 

(Option #3): Having hypothyroidism is not a known risk factor for developing acute kidney injury (AKI). 
Incorrect Answers: 


(Option #1): Being of African-American race is a known risk factor for developing acute kidney injury (AKI). 
(Option #2): Having a history of major surgery, especially cardiac surgery, is a known risk factor for 
developing acute kidney injury (AKI). 

(Option #4): Having diabetes is a known risk factor for developing acute kidney injury (AKI). 
TAKEAWAY/KEY POINTS: 

Risk factors that increase risk of AKI include CKD, diabetes, cardiac or hepatic disease, albuminuria, major 
surgery (especially cardiac surgery), acute decompensated heart failure, sepsis, hypotension, fluid loss 
(diarrhea, vomiting, or dehydration), medications (angiotensin-converting enzyme [ACE] inhibitors, 


angiotensin receptor blockers [ARBs], lithium, aminoglycosides, etc), advanced age, male gender, and African 
American race. 


REFERENCES: 


[1] Flurie RW. Disorders of Potassium and Magnesium Homeostasis. In: DiPiro JT, Yee GC, Posey L, Haines ST, 
Nolin TD, Ellingrod V. eds. Pharmacotherapy: A Pathophysiologic Approach, 11e. McGraw-Hill. 


[2] Kantorvich, A. Medications That Always Use Actual Body Weight to Calculate Creatinine 
Clearance. PharmacyTimes. Published June 3 2016. 


[B] Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Workgroup. KDIGO clinical 
practice guideline for acute kidney injury. Kidney Int Suppl. 2012;2:1-138. 


[4] Maker J, Roller L, Dager W. Acute Kidney Injury. In: DiPiro JT, Yee GC, Posey L, Haines ST, Nolin TD, 
Ellingrod V. eds. Pharmacotherapy: A Pathophysiologic Approach, 11e. McGraw-Hill. 


The correct answer is: Hypothyroidism 


THE NEXT 4 QUESTIONS INCLUSIVE REFER TO THE FOLLOWING CASE: 


FT is a 73-year-old woman with heart failure (HF), hypertension (HTN), osteoporosis, diabetes, and 
hypothyroidism. She takes candesartan 16 mg daily, atorvastatin 40 mg daily, acetylsalicylic acid 81 
mg daily, alendronate 10 mg daily, spironolactone 12.5 mg daily, metformin 1000 mg BID, bisoprolol 
2.5 mg daily and levothyroxine 100 mcg daily. 


FT presents to the hospital with severe weakness and reduced urine output. Blood samples reveal a 
potassium level of 6.1 mmol/L and a serum creatinine (SCr) of 240 umol/L. Her electrocardiogram 
(ECG) is normal. 


Which of the following medications increases FT's risk of hyperkalemia? 


Select one: 
Alendronate * 
Spironolactone v 

Rose Wang (ID:113212) this answer is correct. Spironolactone limits potassium 
excretion and sodium reabsorption in nephrons by antagonizing aldosterone. 


Atorvastatin * 
Acetylsalicylic acid % 


| Correct] 

Marks for this submission: 1.00/1.00. 

TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To identify the signs and causes of hyperkalemia as it can be a complication of renal dysfunction. 
BACKGROUND: 


Potassium is an electrolyte that is critical for proper functioning of smooth muscles, skeletal muscles, the 
heart, and nerves. 


Normal potassium level is between 3.3 - 5.1 mmol/L. There isn't evidence to suggest the exact potassium 
level at which intervention is required. However, it is generally accepted that potassium 25.5 mmol/L requires 
non-pharmacological treatment and potassium >6.0 mmol/L requires pharmacological treatment. 


Symptoms of hyperkalemia include: 
e Muscle weakness 


e Flaccid paralysis 


Question #: 5 


1D: 38881 


Corect 


* Partial or complete blockage of the intestine (ileus) 
© Changes in ECG 

© Tall peaked T wave 

© Loss of P wave with tall peaked T wave 

e Widened QRS with tall T wave 


Causes of Hyperkalemia 


Laboratory error 

Lab work issue Repeated clenching of the fist while blood is drawn 

Lysis of blood sample 

Angiotensin-converting enzyme inhibitors (ACEi) 

Angiotensin II receptor blockers 

Azole antifungals 

Beta-blockers 

Cyclosporine 

Digoxin (at toxic levels) 

Medication Glucose infusion 

Insulin deficiency 

Nonsteroidal anti-inflammatory drugs 

Potassium-sparing diuretics (amiloride, eplerenone, spironolactone, triamterene) 
Potassium supplements 

Tacrolimus 

Trimethoprim 

Chronic kidney dysfunction 

Renal failure 

Medical conditions Renal hypoperfusion 
Hypoaldosteronism 


RATIONALE: 
Correct Answer: 


(Option #2): Spironolactone limits potassium excretion and sodium reabsorption in nephrons by 
antagonizing aldosterone. 


Incorrect Answers: 


(Option #1): Bisphosphonates are not associated with increased potassium levels. 
(Option #3): Statins are not associated with increased potassium levels. 
(Option #4): Low dose acetylsalicylic acid is not associated with increased potassium levels. 


TAKEAWAY/KEY POINTS: 


There is a long list of medications that can induce hyperkalemia and bloodwork should be done at regular 
intervals to monitor potassium levels. 


REFERENCES: 
[1] Hollander-Rodriguez JC, Calvert JF. Hyperkalemia. Am Fam Physician. 2006;73(2):283-290. 


[2] Elliot MJ, Ronksley PE, Clase CM, Ahmed SJ, Hemmelgarn BR. Can Med Assoc J. 2010;182(15):1631-1635. 
doithttps://doi.org/10.1503/cmaj.100461. 


The correct answer is: Spironolactone 


Which of the following options would be the most likely cause of FT's acute kidney injury (AKI)? 


Select one: 
Heart v 
eatin Rose Wang (ID:113212) this answer is correct. Heart failure can cause hypoperfusion of 
the kidneys, which may lead to acute kidney injury (AKI). 
Hypothyroidism * 


Osteoporosis * 


Hypercholesterolemia % 


| correct} 
Marks for this submission: 1.00/1.00. 


Question #: 6 


TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To identify the signs and causes of acute kidney injury (AKI). 
BACKGROUND: 


Acute kidney injury (AKI) occurs when there is a rapid decrease in kidney function. AKI can be classified based 
on where the damage or impairment is occurring in the kidney: 


© Pre-renal AKI occurs when there is hypoperfusion of the kidney (the most common cause of AKI) 
© Intrinsic AKI occurs when there is damage or impairment within the kidney 


© Post-renal AKI occurs when a severe blockage beyond the kidney (e.g, in the ureter) causes waste 
buildup in the kidney 


Possible causes of AKI 


( Impairment Location Possible causes of AKI 


Hypovolemia 


Increased vascular resistance 


Pre-renal AKI if 
+ Reduced cardiac function (e.g., heart failure) 
e Systemic vasodilation 
+ Bilateral renal artery stenosis 
+ Infection 
Intrinsic AKI 


Immune system dysfunction (e.g., lupus, IgA glomerulonephritis) 


Nephrotoxic drugs 


Blood clots 


Improperly placed catheter 
Post-renal AKI 


Kidney stones (nephrolithiasis) 


Urogenital cancers 


AKI is defined as any of the following: 
© Increase in SCr by 226.5 umol/L within 48 hours, or 
© Increase in SCr by >1.5 times the baseline within 7 days, or 


e Urine volume of <0.5 ml/kg/hour for 6 hours 


In addition to reduced or lack of urine output, fluid retention is a very common sign of AKI. Nausea/vomiting 
can also occur as AKI results in a buildup of waste in the blood. 


RATIONALE: 
Correct Answer: 


(Option #1): Heart failure can cause hypoperfusion of the kidneys, which may lead to acute kidney injury 
(AKI). 


Incorrect Answers: 


(Option #2): Hypothyroidism is not a cause of acute kidney injury (AKI). 
(Option #3): Osteoporosis is not a cause of acute kidney injury (AKI). 
(Option #4): Hypercholesterolemia is not the most likely cause of the acute kidney injury (AKI). 


TAKEAWAY/KEY POINTS: 


A significant increase in serum creatinine (SCr) that occurs within hours to a few days, along with reduced 
urine output, are strong indicators of acute kidney injury (AKI). Heart failure can cause hypoperfusion of the 
kidneys, which may lead to AKI. 


REFERENCES: 


[1] KDIGO clinical practice guidelines for acute kidney injury. Kidney International Supplements. 2012;2(1). 
doi:10.1038/kisup.2012.1. 


[2] Makris K, Spanou L. Acute Kidney Injury: Definition, Pathophysiology and Clinical Phenotypes. Clin 
Biochem Rev. 2016;37(2):85-98. 


The correct answer is: Heart failure 
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therapy. 


What is the mechanism by which insulin treats hyperkalemia? 


Select one: 


Insulin moves potassium extracellularly % 


Insulin moves, {v 
potassium Rose Wang (ID:113212) this answer is correct. Blood potassium level is 


intracellularly reduced by increasing cellular uptake of the electrolyte. 


Insulin increases renal potassium excretion X 


Insulin binds potassium as a cation for excretion % 


Marks for this submission: 1.00/1.00. 

TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To identify treatment options for hyperkalemia as it can present along with acute kidney injury (AKI). 
BACKGROUND: 

Hyperkalemia can be identified: 


Hyperkalemia severity and treatment 


Serum potassium 


Severity | ievel (K) Treatment 
Non-pharmacological treatment such as: 
+ Reduce dietary sources of K+ 
Mild 5.5 - 5.9 mmol/L e Optimize control of disease condition causing hyperkalemia 


+ Temporary or permanent discontinuation of K* increasing drugs 


Non-pharmacological treatment 


+ Repeat serum K* and kidney function lab work within 3 days 
Moderate 6.0 - 6.4 mmol/L 


If second serum K* result is within the same range, consider 
administration of cation binding agent 


Treat pharmacologically as soon as possible if the patient is symptomatic 
or has abnormal electrocardiogram (ECG) results. 
Pharmacological treatments include: 


+ Insulin with glucose 

e Inhaled, nebulized, or IV Bp agonists 
Severe 26.5 mmol/L e Calcium carbonate 

+ Furosemide 


e Cation binding agent 


In addition to pharmacological treatment, use non-pharmacological 
treatment and repeat serum K* level within 3 days. 


Hyperkalemia can be treated pharmacologically via different mechanisms: 
Insulin 


© Insulin stimulates the activity of sodium-hydrogen antiporter, resulting in intracellular movement of 
sodium; this activates the sodium-potassium ATPase pump, causing an intracellular shift of potassium 


B2 agonists 
* B2 agonists activate the sodium-potassium ATPase pump, causing an intracellular shift of potassium 
Calcium carbonate 


© Calcium does not reduce serum K* but reduces the risk of arrhythmia ECG changes present as a result 
of hyperkalemia 


Furosemide 
© Furosemide increases urinary excretion of K* 


Cation binding agent 


e Cation bindina agents such as sodium nolvstvrene sulfonate bind K* and release sodium into the aut. 


Question #: 7 
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resulting in fecal excretion of bound K* 


RATIONALE: 

Correct Answer: 

(Option #2): Blood potassium level is reduced by increasing cellular uptake of the electrolyte. 
Incorrect Answers: 


(Option #1): Insulin does not move potassium extracellularly. 
(Option #3): Insulin does not increase kidney excretion of potassium. 
(Option #4): This is the action of cation exchange medications, not insulin. 


TAKEAWAY/KEY POINTS: 
There are multiple mechanisms for treating hyperkalemia. 
REFERENCES: 


[1] Ezekowitz JA, et al. 2017 Comprehensive update of the Canadian cardiovascular society guidelines for the 
management of heart failure. Can J Cardiol. 2017;33(11):1342-1433. 


[2] Elliot MJ, Ronksley PE, Clase CM, Ahmed SB, Hemmelgarn BR. Management of patients with acute 
hyperkalemia. Can Med Assoc J. 2010;182(15):1631-1635. doi:https://doi.org/10.1503/cmaj.100461. 


The correct answer is: Insulin moves potassium intracellularly 


FT's renal injury and hyperkalemia have been resolved and the doctor discharges her back to her long- 
term care home. 


Which counselling point is most appropriate to reduce the risk of future hyperkalemia events for FT? 


Select one: 
Recommend use of a daily multivitamin to balance electrolytes % 
Recommend regular bloodwork and electrocardiogram (ECG) ® 
FT should discontinue the use of candesartan and spironolactone * 
Acetaminophen is the v f 
E EE Rose Wang (ID:113212) this answer is correct. Acetaminophen is the 


SEE F only over-the-counter analgesic which will not increase potassium 
nor increase the risk of acute renal injury. 


(correct | 

Marks for this submission: 1.00/1.00. 

TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To identify the signs and causes of hyperkalemia as it can be a complication of renal dysfunction. 
BACKGROUND: 


Potassium is an electrolyte that is critical for proper functioning of smooth muscles, skeletal muscles, the 
heart, and nerves. 


Normal potassium level is between 3.3 - 5.1 mmol/L. There isn't evidence to suggest the exact potassium 
level at which intervention is required. However, it is generally accepted that potassium >5.5 mmol/L requires 
non-pharmacological treatment and potassium 26.0 mmol/L requires pharmacological treatment. 


Symptoms of hyperkalemia include: 
* Muscle weakness 
* Flaccid paralysis 
* Partial or complete blockage of the intestine (ileus) 
e Changes in ECG 
© Tall peaked T wave 
© Loss of P wave with tall peaked T wave 


e Widened ORS with tall T wave 


Causes of Hyperkalemia 


Laboratory error 
Lab work issue Repeated clenching of the fist while blood is drawn 
Lysis of blood sample 
Angiotensin-converting enzyme inhibitors (ACEi) 
Angiotensin II receptor blockers 
Azole antifungals 


Reta-hinckers 
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Cyclosporine 

Digoxin (at toxic levels) 

Medication Glucose infusion 

Insulin deficiency 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 


Potassium-sparing diuretics (amiloride, eplerenone, spironolactone, triamterene) 
Potassium supplements 

Tacrolimus 

Trimethoprim 

Chronic kidney dysfunction 

Renal failure 

Renal hypoperfusion 

Hypoaldosteronism 


Medical conditions 


RATIONALE: 
Correct Answer: 


(Option #4): Acetaminophen is the only over-the-counter analgesic which will not increase potassium nor 
increase the risk of acute renal injury. 


Incorrect Answers: 
(Option #1): Multivitamins often contain potassium and can increase serum potassium level. 
(Option #2): Regular bloodwork for serum potassium and kidney function is critical, but ECG is not used to 


prevent hyperkalemia. 
(Option #3): These drugs are critical for treating FT's heart failure and reduce her risk of mortality. 


TAKEAWAY/KEY POINTS: 


There is a long list of medications that can induce hyperkalemia and bloodwork should be done at regular 
intervals to monitor potassium levels. 


REFERENCES: 
[1] Hollander-Rodriguez JC, Calvert JF. Hyperkalemia. Am Fam Physician. 2006;73(2):283-290. 


[2] Elliot MJ, Ronksley PE, Clase CM, Ahmed SJ, Hemmelgarn BR. Can Med Assoc J. 2010;182(15):1631-1635. 
doihttps://doi.org/10.1503/cmaj.100461. 


The correct answer is: Acetaminophen is the only safe over-the-counter oral analgesic for FT 


THE NEXT 3 QUESTIONS INCLUSIVE REFER TO THE FOLLOWING CASE: 


JK is a 56-year-old male (weighs 88 kg) who presented to the hospital with complaints of severe 
upper right abdominal pain and fever. The attending physician diagnosed JK with a biliary tract 
infection based on his symptoms. The following laboratory data was obtained: 


+ Temperature: 39.5 °C 

+ WBC Count: 14 x 10° cells/L 

* Respiratory rate: 18 breaths per minute 
* Heart rate: 95 bpm 


A gallbladder ultrasound indicated gallstone formation. JK was admitted to the hospital, the stones 
were removed, and ciprofloxacin was started. Approximately 24 hours later, JK is still feverish and in 
pain. JK is also vomiting, his serum creatinine (SCr) has increased to 220 umol/L from baseline SCr 
of 100 umol/L, and he has a urine output of 100 mL/day. 


JK’s past medical history includes hypertension, hyperli 
5 mg daily, hydrochlorothiazide 25 mg daily, simvast 


emia, and osteoarthritis. He takes rami 
40 mg daily and ibuprofen 400 mg TID. 


All of the following options describe the clinical presentation of an acute kidney injury (AKI), EXCEPT: 


Select one: 
Vomiting X% 
Reduced urine output X 


Upper quadrant v 


abdominal batt Rose Wang (ID: 113212) this answer is correct. Upper quadrant abdominal 


pain is not a sign of acuie kidney injury (AKT). 


Rise in'serum creatinine % 


Marks for this submission: 1.00/1.00. 

TOPIC: Acute kidney injury 

LEARNING OBJECTIVE: 

To identify the signs and symptoms of acute kidney injury (AKI). 
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BACKGROUND: 


Acute kidney injury (AKI) occurs when there is a rapid decrease in kidney function. AKI can be classified based 
‘on where the damage or impairment is occurring in the kidney: 


© Pre-renal AKI occurs when there is hypoperfusion of the kidney (the most common cause of AKI) 
© Intrinsic AKI occurs when there is damage or impairment within the kidney 


© Post-renal AKI occurs when a severe blockage beyond the kidney (e.g, in the ureter) causes waste 
buildup in the kidney 


Possible causes of AKI 


( Impairment Location Possible causes of AKI 


Hypovolemia 


Increased vascular resistance 


Pre-renal AKI ; 
Reduced cardiac function 


Systemic vasodilation 


Bilateral renal artery stenosis 


Infection 
Intrinsic AKI 


Immune system dysfunction (e.g., lupus, IgA glomerulonephritis) 


Nephrotoxic drugs 


Blood clots 


Improperly placed catheter 
Post-renal AKI 


Kidney stones (nephrolithiasis) 


Urogenital cancers 


AKI is defined as any of the following: 
© Increase in SCr by 226.5 umol/L within 48 hours, or 
© Increase in SCr by 21.5 times the baseline within 7 days, or 


© Urine volume of <0.5 ml/kg/hour for 6 hours 


In addition to reduced or lack of urine output, fluid retention is a very common sign of AKI. Nausea/vomiting 
can also occur as AKi results in a buildup of waste in the blood. 


RATIONALE: 

Correct Answer: 

(Option #3): Upper quadrant abdominal pain is not a sign of acute kidney injury (AKI). 
Incorrect Answers: 

(Option #1): This is a common clinical presentation of acute kidney injury (AKI). 
(Option #2): This is a common clinical presentation of acute kidney injury (AKI). 
(Option #4): This is a common clinical presentation of acute kidney injury (AKI). 
TAKEAWAY/KEY POINTS: 


A significant increase in serum creatinine (SCr) that occurs within hours to a few days, along with reduced 
urine output, are strong indicators of acute kidney injury (AKI). 


REFERENCES: 


[1] KDIGO clinical practice guidelines for acute kidney injury. Kidney International Supplements. 2012;2(1). 
doi:10.1038/kisup.2012.1. 


[2] Makris K, Spanou L. Acute Kidney Injury: Definition, Pathophysiology and Clinical Phenotypes. Clin 
Biochem Rev. 2016;37(2):85-98. 


The correct answer is: Upper quadrant abdominal pain 


JK’s attending physician approaches you and asks which of his medications should be discontinued to 
reduce the risk of worsening the damage to the kidneys. 


Which of JK's medications is the LEAST likely to cause acute kidney injury (AKI)? 


Select one: 
Ramipril % 
Ciprofloxacin * 
Ibuprofen ® 
Simvastatin w 


Rose Wang (ID:113212) this answer is correct. Statins can cause kidney damage only 
if rhabdomyolysis occurs - a very rare side effect of statins. 


{ Correct 
Marks for this submission: 1.00/1.00. 
TOPIC: Acute kidney injury 
LEARNING OBJECTIVE: 
To understand how common medications can negatively impact the kidneys. 
BACKGROUND: 
Acute kidney injury (AKI) occurs when there is a rapid decrease in kidney function. AKI can be classified based 
‘on where the damage or impairment is occurring in the kidney: 
© Pre-renal AKI occurs when there is hypoperfusion of the kidney (the most common cause of AKI) 
© Intrinsic AKI occurs when there is damage or impairment within the kidney 


© Post-renal AKI occurs when a severe blockage beyond the kidney (e.g, in the ureter) causes waste 
buildup in the kidney 


Possible causes of AKI 


( Impairment Location Possible causes of AKI 


Hypovolemia 


Increased vascular resistance 


Pre-renal AKI 


Reduced cardiac function 


Systemic vasodilation 


Bilateral renal artery stenosis 


Infection 


Intrinsic AKI 


Immune system dysfunction (¢.g., lupus, IgA glomerulonephritis) 


Nephrotoxic drugs 


Blood clots 


Improperly placed catheter 
Post-renal AKI 


Kidney stones (nephrolithiasis) 


Urogenital cancers 


Medications can cause AKI via several mechanisms: 
* Changing the blood flow rate within the glomerulus 


* e.g, nonsteroidal anti-inflammatory drugs (NSAIDs), angiotensin-converting enzyme inhibitors 
(ACEi) 


© Inflammation within the glomerulus 
* e.g, NSAIDs, propylthiouracil 

* Acute interstitial nephritis due to drug binding to antigens in the kidney 
* e.g, fluoroquinolones, diuretics 

© Drug crystalizes and causes a urinary outflow blockage 
© eg, ciprofloxacin, methotrexate 

© Rhabdomyolysis 
e e.g, statins, benzodiazepines 

e Inducing clots within small vessels of the kidney 


* e.g, clopidogrel, cyclosporine 


RATIONALI 


(Option #4): Statins can cause kidney damage only if rhabdomyolysis occurs - a very rare side effect of 
statins. 


Incorrect Answers: 


(Option #1): ACE inhibitors decrease blood pressure and therefore cause hypoperfusion of the kidneys. 
(Option #2): Fluoroquinolones are nephrotoxic and can cause intrinsic damage to the kidneys. 

(Option #3): NSAIDs can reduce blood flow into the glomeruli by inhibiting prostaglandins that dilate the 
renal artery. 


TAKEAWAY/KEY POINTS: 


Several medications are known to cause acute kidney injury, such as ACE inhibitors, fluoroquinolones, and 
NSAIDs. 


REFERENCES: 


[1] KDIGO clinical practice guidelines for acute kidney injury. Kidney International Supplements. 2012;2(1). 
doi:10,1038/kisup.2012.1. 


[2] Makris K, Spanou L. Acute Kidney Injury: Definition, Pathophysiology and Clinical Phenotypes. Clin 
Biochem Rev. 2016;37(2):85-98. 


[B] Naughton C. Drug-induced nephrotoxicity. Am Fam Physician. 2008;78(6):743-750. 


The correct answer is: Simvastatin 


Question #: 10 
10; 38879 The physician asks for your advice on a treatment plan for JK's acute kidney injury (AKI). 
Corect 
In addition to removing the nephrotoxic agents, which of the following options is an appropriate course of 
action? 
Select one: 


Fluid resuscitation 9 v 
with IV nacii safe. Rose Wang (ID:113212) this answer is correct. Fluid resuscitation treats 


hypoperfusion and ensures sufficient blood flow to the organs. 


Initiate dopamine infusion % 
Insert.a Foley catheter to promote urine flow % 


Dialysis to remove excess fluid * 


| Correct | 

Marks for this submission: 1.00/1.00. 

TOPIC: Acute kidney injury (AKI) 

LEARNING OBJECTIVE: 

To understand the treatment options for acute kidney injury (AKI). 
BACKGROUND: 


Acute Kidney Injury Staging 


[Stage [Serum Creatinine (scr) [Urine output 
1.5 - 1.9 times increase from baseline 

1 OR <0.5 ml/kg/hour for 6 - 12 hours: 
226.5 umol/L increase from baseline 

2 2.0 - 2.9 times increase from baseline <0.5 mi/kg/hour for 212 hours 


3.0 times increase from baseline 
<0.3 mi/kg/hour for 224 hours 
3 Increase in SCr to 2353.6 umol/L OR 
OR Anuria (i.e., no urine) for 212 hours 
Renal replacement therapy required 


AKI staging helps with identifying the AKI severity and how aggressive to be with the treatment. 


If AKI is a result of a nephrotoxic drug and the drug can be discontinued, it should be stopped right away. If 
stopping the drug is too risky (e.g. it is treating a severe infection and there isn't an alternative antibiotic 
available), then consider reducing the drug dose if possible. 

In addition to stopping the cause of AKI, fluid resuscitation is also commonly used to treat AKI as it ensures 
proper blood perfusion throughout the body. The goal of fluid resuscitation is to achieve a mean arterial 
pressure of 65 - 90 mmHg. 

Vasopressors may be given along with fluid resuscitation to treat vasomotor shock (ie, systemic dilation of 
blood vessels). 

Renal replacement therapy (RRT) is reserved only for individuals with life-threatening changes in fluid, 
electrolytes, and blood pH. RRT is stopped as soon as the individual's kidney function returns to a point 
where it meets the individual's needs, or goals of care have changed and RAT is no longer required. 


RATIONALE: 


Correct Answer: 
(Option #1): Fluid resuscitation treats hypoperfusion and ensures sufficient blood flow to the organs. 
Incorrect Answers: 


(Option #2): Dopamine use is not recommended due to increased risk of arrhythmia. 
(Option #3): Foley catheters may be used to treat post-renal obstruction only. 
(Option #4): JK's creatinine clearance is still 40 mL/min and there are no other indications for dialysis. 


TAKEAWAY/KEY POINTS: 


In acute kidney injury (AK), stop the nephrotoxic agent as soon as possible. In addition, systemic 
hypoperfusion is a likely complication of AKI and is treated with fluid resuscitation. 


REFERENCE: 


[1] KDIGO clinical practice guidelines for acute kidney injury. Kidney International Supplements. 2012:2(1). 
doi'10.1038/kisup.2012.1. 


The correct answer is: Fluid resuscitation with IV normal saline 
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